Abstract. The strong correlation between magnetic storms and southward interplanetary magnetic field (IMF) is well known from linear prediction filter studies using the Dst and IMF data. However, the linear filters change significantly from one storm to another and thus are limited in their predicting ability. Previous studies have indicated nonlinearity in the magnetospheric response as the ring current decay rate varies with the Dst value during storms. We present in this letter nonlinear models for the evolution of the Dst based on the OMNI database for 1964-1990. When solar wind data are available in advance, the evolution of storms can be predicted from the Dst and IMF data. Solar wind data, however, are not available most of the time or are available typically an hour or less in advance. Therefore, we have developed nonlinear predictive models based on the Dst data alone. In the absence of solar wind data, these models cannot predict the storm onset, but can predict the storm evolution, and may identify intense storms from moderate ones. The input-output model based on IMF and Dst data, the autonomous model based on Dst alone, and a combination of the two can be used as forecasting tools for space weather.
Introduction
The solar wind -magnetosphere coupling is enhanced when the interplanetary magnetic field (IMF), convected by the solar wind to the dayside magnetosphere, is southward. This enhanced coupling energizes the magnetosphere -ionosphere system, leading to an intensified ring current and a magnetic storm. A common measure of storms is the Dst index constructed from the variations of the horizontal component of the magnetic field at 4 mid-latitude ground stations. The intense storms studied in this paper, defined by Dst values below-100 nT, have been identified as the cause of extensive damages to many ground and space based systems, and as such, their understanding is crucial to space weather studies [Joselyn , 1995] . Such effects include fluctuating magnetic fields generated on the ground, which can destabilize electric power transmission sys-tems. In space, changes in the magnetosphere can produce energetic particle fluxes that affect satellites, sometimes causing irreparable damage to the electronics on board. Forecasting of magnetic storms is thus an important component of space weather efforts to monitor and predict the near-Earth space environment.
The strong correlation between the Dst and the interplanetary variables during a storm is well known from earlier studies using linear models [Burton et al., 1975] .
A typical case of a storm, viz. of 11 February 1981, is shown in Fig. 1 . It begins with an increase of the Dst index marking the onset of the storm or the sudden storm commencement, followed by a large decrease during the main phase. The Dst minimum marks the beginning of the recovery phase during which the ring current decays. This phase is not directly correlated to the solar wind induced dawn-to-dusk electric field E u = VBz, given by the product of the solar wind speed V and the north-south component B• of the IMF, which recovers on a faster time scale (Fig. 1, top The prediction for the magnetic storm of 11 February 1968 is shown in Fig. 1 . The middle panel (Fig.lb) shows a sequence of one step (1 hour) predictions with a mean absolute error of 4.5 nT, which in this case is higher than the mean absolute error for the global model. The lower panel (Fig. lc) shows the itera. ted prediction which tracks the overall evolution of the storm, with an excellent agreement during the critical main phase but is not as good in the recovery phase for this particular case, although the mean absolute error is only 20 nT. These errors show that the procedure can predict accurately the storm development using the local phase space structure.
Modeling Storms from Dst Data
The input -output approach is successful in predicting and describing quantitatively the storm onset and evolution, but it requires the solar wind data for hours feature of these predictions is their ability to forecast the peak and recovery phase as the storm progresses (Fig. 2) , thus predicting when the worst of the storm will be over.
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To quantify statistically the effectiveness of predicting the evolution of a storm using autonomous (Dst alone) iterated prediction, another threshold value of On the other hand, if these predictions fail to converge a.s the storm intensifies, the algorithm is unable to develop a good model due mainly to the lack of similar events in the data base. Thus the storm in progress is likely to be a large storm with peak Dst value below -350 nT (see Fig. 3 ), for which the available data is very sparse. In other words, the lack of convergence in the predictions is a strong indication that the storm in progress will reach Dst below -350 nT. Based on the statistics of the predictions shown in Fig. 3 this can be used as a warning for a severe storm.
Conclusions

